INTRODUCTION
Hepatitis C virus (HCV) infection is a major public health challenge that eclipsed human immunodeficiency virus (HIV) as a cause of mortality in the USA in 2007 [1] . There are an estimated 3.2-5 million individuals in the USA chronically infected with HCV [2] . Recent advances in HCV treatment, including the availability of efficacious alloral HCV therapies of short duration with minimal side effects, make cure of HCV infection feasible for most people. However, more than half of HCV-infected persons in the USA are unaware of their infection and thus cannot benefit from these improvements in treatment [3] . Additionally, for those who are aware of their HCV-positive status, patient, provider and systems barriers to treatment can impede treatment effectiveness [4] [5] [6] .
There are major disparities in HCV infection burden in the USA. Individuals infected with HCV are more likely to be of non-Hispanic Black race/ethnicity [2] . HCV-positive serostatus has also been associated with high-risk sexual behaviour, particularly among HIV-positive men who have sex with men (MSM). Minority populations are less likely to get tested for HCV [7] . Even when diagnosed, minority populations are less likely to be referred for care and when referred are less likely to undergo HCV treatment [8, 9] . As HIV, sexually transmitted infections (STIs) and viral hepatitis share common risk factors, the Centers for Disease Control and Prevention (CDC) has promoted collaboration and service integration as a priority for programmes addressing HIV, STIs and viral hepatitis [10] . Additionally, the US Action Plan for the Prevention, Care and Treatment of Viral Hepatitis calls for improvements in the HCV continuum of care with the goal of curing individuals to reduce the longterm complications of HCV and decrease HCV transmission [11] . Previous reports on the progress of patients through the US HCV care continuum suggest that of those who are HCV antibody positive, 22-50% have been HCV-tested, 32-38% referred to care, 27% actively engaged in care, 7-15% initiated treatment and only 5-6% were cured [12] [13] [14] .
Baltimore has a high burden of HCV infection with previously reported prevalence of 10% among persons attending STI clinics who denied injection drug use, 18% in persons attending emergency departments and 60-90% among persons who inject drugs [15] [16] [17] . These groups are all less likely to seek health care in primary care settings, traditionally considered the primary HCV screening sites. However, as many of these individuals regularly seek care in STI clinics [18] , STI clinics might serve as effective venues for HCV testing and linkage to care.
To investigate the capacity of public health clinics to provide HCV clinical services, we examined the prevalence of HCV, rates of and factors associated with linkage to care at two public health clinics in Baltimore City.
METHODS

Study design
We performed a cross-sectional study involving patients accessing STI care at the Baltimore City Health Department (BCHD) STI clinics, Baltimore, MD, from June 2013 through April 2014. These patients were then prospectively followed to assess linkage to HCV care. As part of standard clinical protocol, written informed consent to receive care was obtained from each patient. The Institutional Review Board of the Johns Hopkins University School of Medicine approved the research study.
Setting
There are two BCHD STI clinics serving the largely ethnic minority inner city population of Baltimore. The clinics see an average of 30 000 patient visits a year and operate a walk-in clinic appointment model. Care is provided by nurse practitioners and physician assistants under the supervision of a physician. A wide range of reproductive and sexual health services are provided including comprehensive STI care, HIV testing and counselling, and hepatitis B screening and vaccination. The BCHD STI clinics also have onsite Ryan White-funded HIV treatment clinics which provide continuity for HIV care.
Primary HCV testing and care
Sexually transmitted infection clinic attendees between the ages of 18 and 70 years, regardless of prior HCV testing history, were offered a free rapid HCV test at registration. Patients who accepted the rapid HCV test offer were provided pretest counselling and tested using the OraQuick HCV Rapid Antibody test (OraSure Technologies, Bethlehem PA, USA) on blood collected via finger prick or phlebotomy. HCV test results were available in 20 minutes. Given CDC recommendations that persons identified as having HCV infection should receive a brief screening for alcohol use and intervention, a validated 3 question alcohol use disorder identification tool (AUDIT C) was also administered to individuals who received HCV rapid testing [19, 20] .
During the clinician encounter, information on alcohol and illicit drug use and sexual practices were routinely collected using a standardized form. All anti-HCV-positive individuals received additional HCV post-test counselling from a clinician including the need for confirmatory HCV RNA testing, risk reduction counselling, brief alcohol use counselling with referral for treatment as indicated, at the initial rapid HCV testing visit. HCV RNA testing was performed at a commercial laboratory. Results were received within 1 week and thus available for patient counselling at the routinely offered walk-in return appointment 1 or 2 weeks after the initial encounter.
Individuals were considered to have chronic HCV if they had positive results on both anti-HCV and HCV RNA tests. Primary HCV care at the STI clinic was defined as counselling on HCV transmission and availability of HCV drug treatment, harm reduction in alcohol and assessment for vaccination against hepatitis A and B.
Linkage to specialty HCV care
At the time of HCV diagnosis, all chronically infected patients met with a dedicated linkage to care coordinator who provided patient navigation services including insurance evaluation, insurance application assistance if indicated, and assistance with scheduling primary care and HCV specialist appointments, and reminder calls and/or text messages for appointments. Patients were linked to different HCV treating specialists in Baltimore city. Choice of HCV specialist linkage site was dependent primarily on the patient's insurance and secondarily on patient's preference. Linkage to care support included phone calls, letters and field outreach to patients who either did not return to the STI clinic for HCV RNA results or who did not attend at least 1 specialist appointment. If a patient was unresponsive by phone, a letter was sent to the address provided at the baseline visit. If still unresponsive, field outreach by a BCHD outreach worker was used to attempt contact with patients. Other services provided included maintaining contact by phone with patients who did not keep appointments, acting as an intermediary between the patient and primary care provider and specialist clinics and assistance with identification and resolution of any barriers patients experienced in attending appointments. A score to quantify the intensity of outreach effort was created by scaling encounters according to effort required by clinic staff. Phone calls, letters and home visits regardless of success were weighted as 1, 2 and 3, respectively. Each patient's outreach effort score was determined as a summation of the weighted encounters. For patients not linking to care after 9 months, phone calls were attempted to assess barriers to linkage to care and provide additional patient navigation services. Barrier to care information was collected using a standardized questionnaire adapted from a previous HCV care barrier study [21] . The questionnaire included categorized known barriers to HCV care linkage based on existing literature and an additional open-ended response option. Patients could cite more than one barrier. All services at both clinics were mainly provided by one linkage to care coordinator who also served as the primary rapid HCV/HIV tester and one outreach worker.
Data management
Patient data including clinical, social and demographic information such as past and current injection/noninjection drug and alcohol use and linkage to care efforts were routinely recorded in the clinic electronic medical record system (EMR), INSIGHT. The INSIGHT EMR is designed as a local health department EMR with customizable program-specific clinic modules. As such, alerts could be placed in the EMR to prompt referral to the HCV coordinator in the event that patients returned to the clinic for any reason. Data were extracted from the electronic medical record system for the purpose of this analysis.
We defined linkage to care by [1] Primary HCV care, repeated attendance at the STI clinic to receive HCV RNA results, HCV counselling, and referral to HCV specialist and [2] Specialty HCV care, attendance at first tertiary HCV specialist appointment. Hazardous drinking is defined as a pattern of alcohol consumption that puts individuals at risk for adverse health events [22] . Use of ≥4 alcoholic drinks in one sitting has been set as a threshold for increased risk of adverse health events by the National Institute of Alcohol Abuse and Alcoholism [23] . Engaging in risky sex under the influence of alcohol also puts individuals at risk for the adverse consequence of STI acquisition [24, 25] . Based on this, individuals who reported drinking ≥4 alcoholic drinks at 1 sitting or engaging in risky sex under the influence of alcohol in the preceding 30 days were classified as hazardous drinkers.
Statistical analyses
Descriptive statistics were used to characterize the study population with respect to demographics and risk behaviours. Proportions were compared using chi-square tests. Logistic regression was used to assess factors associated with HCV infection and specialist linkage to care. The multivariate analyses included factors previously known to be associated with risk of HCV infection or linkage to HCV care. P values <0.05 were considered to be significant. All analyses were performed using Stata version 13 (Stata Corp, College Station, TX, USA).
RESULTS
Between June 2013 and April 2014, 6290 patients visited the BCHD STI Clinics and 4399 (70%) of patients were offered a free rapid HCV test regardless of HCV risk factor or prior HCV testing history. HCV testing was not routinely offered to patients enrolled in the BCHD HIV continuity care programme or to individuals presenting to the STI clinic for nonclinician encounters. Of those offered testing, 3466 (79%) accepted and 2681 (77%) had a rapid HCV test performed. Individuals who accepted or declined rapid HCV testing were similar with regard to age, median 28 (IQR 23-39) years and 29 (IQR 23-40) years, respectively. Characteristics of both groups were also similar with respect to sex, race distribution, sexual orientation, injection drug use status and number of sexual partners in the preceding 60 days. Compared with individuals who declined the offer of rapid HCV test, acceptance of HCV rapid testing was associated with HIV-uninfected status (OR 3.2 95% CI 1.4-7.2), reporting recent noninjection drug use (OR 2.0 95% CI 1.0-3.7) and hazardous alcohol use (OR 1.5, 95% CI 1.2-1.8). STI clinic attendees who underwent rapid HCV testing had a median age of 30 (IQR 24-42) years. Of these, 2408 (90%) were African American, 165 (6%) Caucasian and 64 (2%) Hispanic and the majority were male (62%).
HCV prevalence
Among 2681 persons tested, 189 (7%) were anti-HCV positive, of whom 185 (98%) received follow-up HCV RNA testing at the same visit. Persons born between 1945 and 1965 were 14.5 times more likely to be HCV-infected than those born in other years and 127 (67%) of the 189 anti-HCV-positive persons were born in that era. Individuals found to be anti-HCV positive were more likely to be male, non-Black, insured and have a history of drug use (injection or noninjection). Men who described themselves as MSM and individuals with hazardous levels of alcohol consumption were significantly less likely to be anti-HCV positive (P < 0.05 for all comparisons, Table 1 ).
Of 185 individuals tested for HCV RNA, 155 (84%) were positive and confirmed to have chronic HCV infection. The median age of HCV RNA-positive individuals was 51 (IQR 45-57) years. Although the majority (71%) had public insurance, 18% remained uninsured despite potential eligibility for Medicaid coverage after implementation of the Affordable Care Act in the State of Maryland. Approximately 1 in 5 persons with chronic HCV had hazardous levels of alcohol consumption (Table 2 ).
Linkage to care
Primary HCV care Of the 155 individuals identified with chronic HCV, we were able to notify and provide post-test counselling based on HCV antibody results to 154 of them (99%). Most (89%) also returned to the STI clinic for receipt of HCV RNA results and initiation of comprehensive HCV care including further medical education on HCV, alcohol use counselling and referral for alcohol treatment as indicated, and hepatitis B immunization. 
Specialty HCV care
Additionally, 132 (85%) were referred for specialist care at an outside facility. Of the initial 155 chronically HCVinfected individuals identified, over half attended their first specialist appointment and 24% have been prescribed HCV antiviral therapy as of July 2015 (Fig. 1) . The median time from diagnosis to attendance of HCV specialist appointment was 163 (IQR 84-288) days. Thirty-five of 74 individuals who did not link to specialist care could be contacted and were queried about ongoing barriers to care. The most commonly reported barriers to HCV linkage to care cited included not having insurance (12/35), being busy or worried about other things (9/35), not having a primary care provider (6/35) and primary care providers not referring to an HCV specialist (7/35). In univariate analyses, older individuals born in the CDC-defined 'birth cohort' had higher odds of linkage to specialist care (OR 2. (Table 3) .
DISCUSSION
In this urban public health clinic, we found an HCV prevalence of 7% in a general STI clinic population in Baltimore. Moreover, we found that nearly 1 of 3 persons born between 1945 and 1965, the so-called birth cohort, was HCV antibody positive, a prevalence that is almost 9 times the estimated U.S. national prevalence of 3.3% for this cohort [26] . The 29% prevalence of HCV in the CDCdefined 'birth cohort' reinforces the importance of the birth cohort-based recommendations for HCV screening. Through onsite testing in these STI clinics, we were able to test a large number of urban minority medically underserved patients who do not routinely access the healthcare system through more traditional means such as primary care clinics. We also found evidence that these HCVinfected persons could receive initial HCV care in the public health clinics and that with referral assistance, over half of patients attended a specialist clinic appointment.
The HCV prevalence found in our study was much higher than national estimates but consistent with HCV prevalence of 18-42% reported from other studies of STI clinic-based HCV testing among high-risk individuals [27, 28] . The exceedingly high rates of hepatitis C in those born between 1945 and 1965 may be due to the 
Steps of HCV Care Continuum introduction of heroin into Baltimore in the 1950s, and ongoing high rates of IDU in Baltimore City (prevalence of injection drug use of 336/10 000 population aged 15-64) [29, 30] . Lower prevalence of HCV among MSM and individuals with hazardous alcohol use reflects the predominantly younger STD clinic population tested, the majority of whom lacked other HCV infection risk factors. Although HCV testing in STI clinics has been demonstrated to be high yield and cost-effective in North America [27, 31, 32] , the success of these programmes has been limited by low rates of linkage to care [24] . To the best of our knowledge, this is the first study to report the impact of onsite patient navigation services on increasing rates of HCV linkage to care in public health clinic settings.
US national data suggest low rates of HCV status awareness [3] . By instituting a rapid HCV test protocol, we could provide HCV antibody results, follow-up HCV RNA testing, HCV transmission education and alcohol use counselling to 99% of individuals found to be anti-HCV positive on the same day of testing. However, there is no point-of-care test for HCV RNA. Thus, it is very significant that we were able to bring 89% of persons to complete the HCV testing process and receive their HCV RNA results and initiation of primary HCV care. The individuals diagnosed with chronic HCV were able to benefit from low-cost interventions that may reduce the progression of liver disease, such as alcohol screening (19% reported hazardous alcohol use), a brief intervention to reduce alcohol use and referral to treatment if indicated [Screening, Brief Intervention, and Referral to Treatment (SBIRT)], and immunization against hepatitis B [33, 34] . Our programme likely benefited from the experience that public health clinics and local health departments such as BCHD have in conducting contact investigations, linking patients to care and working with populations disproportionately affected by STIs, HIV and hepatitis. Other public health clinics with similar expertise have the potential to replicate these high rates of return for HCV care.
Although specialist linkage to care rates observed were still suboptimal, they were almost twice those previously reported and likely reflect the additional services and support provided to help individuals link to care. This is supported by findings from Coyle et al. in their study of HCV testing and care at four federally qualified health centres in Philadelphia, Pennsylvania, in which they noted an increase in HCV linkage to care rates by 29% with addition of an HCV linkage to care coordinator [35] . The reasons for failure to link to specialist HCV care in a subset of our population include hazardous alcohol consumption. This finding is concerning not only because of the negative impact on linkage to care but also because alcohol use is associated with accelerated progression to liver cirrhosis and end-stage liver disease [36] . This finding is also consistent with previous studies suggesting that competing health priorities including substance abuse and environmental factors such as lack of drug treatment and social support may limit uptake of HCV treatment [4, 37] . Additional interventions may be needed to improve HCV care in substance using populations who are also at highest risk for poor HCV-related health outcomes. This finding also provides further rationale for alcohol use screening as recommended by CDC HCV testing guidelines and for developing additional interventions for alcohol abuse treatment in HCV-infected individuals [20] . In the light of the finding that HCV-related mortality is significantly higher in HCV-infected persons with alcohol disorders, persons with concurrent alcohol and HCV disease should be prioritized for HCV intervention. Of note, although current HCV treatment guidelines do not recommend withholding HCV treatment from persons drinking alcohol, several state Medicaid programmes put restrictions on access to HCV drug therapy in persons who use alcohol [38] .
Beyond substance use, lack of insurance was a barrier to HCV linkage. National data suggest that HCV-infected individuals are less likely to be insured. HCV-infected uninsured individuals are also more likely to report alcohol abuse and less education [39] . Therefore, there is a clear need for interventions to reach these individuals and provide comprehensive services that link them to health insurance and other social services, such as substance use treatment. Given the complexity of coordinating care in a fragmented medical and social service system, these interventions will likely require patient navigation as a component.
In our study, we were able to link most of our patients to HCV care with relatively minimal interventions such as reminder calls and text messages. These simple and relatively low-cost interventions have the potential to significantly increase rates of HCV care linkage and can be feasibly implemented in similar urban settings caring for underserved populations.
Most of the patients who did not link to specialist care were lost to follow up. Those patients that required the most intense linkage to care support were 60% less likely to attend the first HCV specialist appointment compared with patients who required relatively little effort for linkage. To improve HCV treatment outcomes for the majority of HCV-infected individuals, it will be critical to identify optimal approaches to access hard-to-reach individuals and motivate them to engage in care. Interestingly, we found that one quarter of HCV-infected patients who did not attend their first scheduled off-site HCV specialist appointment were seen at the STI clinics three or more times in the 9 months after their HCV diagnosis. This suggests that even among hard-to-reach individuals, there are multiple opportunities for continued contact and reinforcement of messaging regarding the importance of seeking treatment for HCV.
An optimal strategy to improve treatment rates in this population may be to provide integrated onsite HCV treatment at the STI clinic. Other studies support the colocalization of HCV testing and treatment services at sites serving individuals with a high prevalence of HCV infection [35, 40] . The availability of simple oral regimens for HCV has made it feasible for trained mid-level providers at public health clinics to offer treatment on site. Given their extensive experience working with underserved populations and the public health infrastructure for linkage to care, this could have a major impact on HCV treatment uptake and cure.
Our study is limited by our inability to test all individuals presenting for care at the STI clinics for HCV. Additionally, the small sample size of HIV/HCV co-infected individuals or individuals reporting drug use make it difficult to make assertions about the impact of these comorbidities on HCV linkage to care. The patients in this study were also identified at two STI clinics in Baltimore City, thus limiting the generalizability of our findings. However, we believe that our STI patient population may be similar to other STI clinic populations in large urban areas in the USA.
In summary, we found a high HCV prevalence in urban public health clinics in Baltimore. These rates were especially high among persons born between 1945 and 1965, the CDC-defined birth cohort. We also found evidence that these HCV-infected persons could receive care in this setting and that with referral assistance, the proportion who attended a remote specialist clinic appointment was almost twice the national average. Efforts are needed to identify alternate HCV testing sites and linkage to care interventions for populations who have a high HCV burden and do not access the healthcare system through traditional means such as primary care clinics. Additional studies are needed to determine the feasibility and efficacy of providing HCV treatment at public health settings, such as STI clinics.
